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Abstract 
 

Reduced graphene oxide (rGO) was prepared from purified Silantek sub-bituminous coal by using microwave irradiation heating with 
the presence of FeCl3 and ZnCl2 as graphitizing and activating agents, respectively. The preparation was carried out at microwave power 
level ranging from 600 to 1000W. The results showed that rGO produced from sub-bituminous coal has same characteristics as produced 
from graphite. X-ray Diffraction (XRD) spectra showed that the  sharp peak presence at 2θ = 26º had decreased and broaden after mi-
crowave irradiation heating due to the removal of various oxide groups with interlayer distance reduced to 0.337nm similar to that of 
graphite. Further, Raman spectra showed a high degree graphitization of rGO produced at 900 and 1000W of microwave irradiation 
power level. Moreover, the degree of crystallinity of rGO produced from coal is 1.31 (G900) and 1.15 (G1000), which is similar to rGO 
produced from graphite. Thus, this suggest that purified Silantek sub-bituminous coal upon heating using microwave irradiation method 

is potentially to be used as a carbon precursor to produce rGO. 
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1. Introduction 

Graphene is one of carbon allotrope and the most popular carbon 

material because it’s potential in various applications for human 
life such as medical, chemical and industrial processes. Graphene 
is a layer of graphite which can be conceived as a two-
dimensional of single layer carbon bonded atom in a basic struc-
tural element of hexagonal lattice structure [1-4]. The structure of 
graphene consists of sp2 carbon bonded atom structure that at-
tached each other by strong covalent bonding in form of one-
atom-thick planar sheet with a high crystallinity and electric con-

ductivity properties [5-8]. Ever since it first isolated by Geim and 
Novoselov in 2004 [9-11], graphene has been making a remarka-
ble impact in many areas of science and technology due to its 
remarkable physicochemical properties such as high specific sur-
face area of 2630m2g-1 (theoretically), electron transport capabili-
ties, superlative mechanical strength (Young’s modulus, 1100 
GPa), unparalleled thermal conductivity (5000 W/m/K) and excel-
lent electrical conductivities [3].  Thus, these unique physico-

chemical properties of graphene promising great potential that can 
provide new approaches and critical improvements in many bio-
chemical and nano-technological fields such as electronic devices 
and biosensors [12-16].  
Practically, rGO is one of graphene related material which usually 
refers to graphene that is produced through oxidation and reduc-
tion process of graphite [17-19]. At present, there are several tech-
niques have been developed in order to produce graphene such as 
micromechanical exfoliation, chemical vapor deposition, transfer 

printing, epitaxial growth and the reduction of graphene oxide 

(GO) [7,8]. However, the reduction of GO is one of a promising 

alternative path toward high-yield production of graphene espe-
cially for commercialization due to low production cost and easily 
up-scalable process. GO is a carbon material that consists of a 
single layer of carbon bonded atom of graphite structure that has 
been attached by oxygen functional groups on both of its basal 
planes and edges, which is good to be as a candidate for carbon 
precursor to produce rGO [20-22]. Technically, GO consists of 
layers of graphite oxide because it was usually produced from 

graphite that has been oxidized by using oxidation method such as 
Hummers method, with the presence of suitable organic solvents 
or strong acids [5,6].  
Practically, it has been reported and identified by previous study 
that the oxygen functional groups in GO structure consist of hy-
droxyl and epoxy groups on the basal plane. Further GO also con-
sist of smaller amounts of carboxyl, carbonyl, phenol, lactone and 
quinone at the edges of carbon sheet [5,6]. All of the properties of 

GO such as mechanical, electrical and electrochemical properties 
are strongly affected by the presence of oxygen functional groups 
within its structure which possibly limits the direct application of 
GO in electrically active materials and devices [23]. Thus, the 
properties of GO can be improved through reduction process to 
produce rGO, either through chemical, thermal or H2 plasma re-
duction process [5]. Further, the properties of rGO such as con-
ductivities still lack behind the pristine graphene due to the residu-
al functional group that remaining after the reduction process that 

cannot be totally removed [21]. However, nowadays this related 
graphene material (known as rGO) has emerged as a novel materi-
al in nano-carbon research that can be readily sold in tons due to 
scalable for large production at low cost [22].  
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Usually, graphite is the most chosen material as carbon precursors 
to produce GO because it is much easier to convert into GO by 
oxidation process, and finally turn into rGO product by reduction 
process. [24] produced GO from purified natural graphite by using 
oxidation process of Hummers and Offeman methods as a precur-
sor to produce rGO. They found that the GO produced has 2θ peak 
at 10º. Further, they also reported that the Raman spectra of GO 
produced has the G and D band peaks at around 1355cm-1 and 

1598cm-1 which indicate that the material has a graphite structure. 
Then, the GO product was reduced into rGO and it was found that 
the peak of 2θ at 10º has been reduced and disappeared. Further, 
[25] reported in their study on the production of GO as a rGO 
precursor from pristine graphite that the degree of crystallinity of 
the material will low if the material has high oxygen functioning 
groups in their structure [25]. It seems that graphite is very popu-
larly to produce rGO which is as a carbon precursor to produce 

graphene. This made the production of graphene to be very expen-
sive due to the limited resource of graphite. Moreover, the process 
to produce rGO from graphite provided two-step processes of 
oxidation and reduction processes.    
Recently, some researchers found that GO can also be produced 
from any carbonaceous material (raw material that contain carbon 
element) such as coal [26,27] and biomass waste [28,29]. Howev-
er, the carbonaceous material has to be graphitized first before it 

can be converted into GO in order to produce a crystalline struc-
ture like graphite [26]. Coal is abundantly available and inexpen-
sive resource rich in carbon content that has a potential to be used 
as carbon precursor to produce GO and graphene. Quan et al. [27] 
has reported to produce rGO from Taixi coal. They found that the 
coal sample has to be graphitized first at a very high temperature 
of 2400ºC before it can be converted into GO by using Hummers 
method. They reported that the GO produced has the same charac-
teristics with the GO produced from graphite. Then, the GO pro-

duced was reduced into rGO via thermal reduction process. How-
ever, the production process from coal to rGO involved at least 
three step processes and required a very high temperature and long 
production time. In another study, Yating et al. [30] also produced 
GO as a precursor to produce rGO from Taixi anthracite coal. The 
rGO produced from GO derived from coal has similar properties 
as GO derived from graphite. After that, the GO material was 
reduced into rGO through ultrasonication process. However, they 

also reported the same result and faced same problem like Quan et 
al. [27] which the coal sample must go through three steps pro-
cesses of graphitization, oxidation and reduction in order to pro-
duce rGO.    
In this study Silantek sub-bituminous coal was used as a carbon 
precursor to produce rGO using microwave irradiation heating 
system in the presence of FeCl3 as graphitizing and activating 
agents. All of three processes of graphitization, oxidation and 

reduction were conducted in only one single step process by using 
microwave irradiation system as a heating media. Thus, the pro-
duction time to produce rGO was significantly reduced. The coal 
sample was treated in order to remove impurities by leaching off 
the inorganic matter prior to the reaction to produce rGO.  As far 
as the literature is concern, there is no other research been reported 
that used sub-bituminous coal alongside with microwave irradia-
tion heating method to produce the rGO in a single step process. 

2. Experimental 

2.1. Coal pre-treatment 

The Silantek sub-bituminous coal sample was collected from Sa-
rawak, Malaysia. The sample was ground into a fine powder and 
sieved into a uniform size of less than 2.0 mm in order to make 
sure the sample was completely mixed with graphitizing and acti-
vating agent. Then, the sample was heated overnight in an oven at 
100ºC to remove moisture.  The pre-treatment process on the dried 
coal sample was carried out to remove impurities and to generate 

high carbon content by using different chemical treatments such as 
of hydrogen peroxide (H2O2) and sulphuric acid (H2SO4), hydro-
chloric acid (HCl) and hydrofluoric acid (HF) [31,32].  At first, 
10g of coal sample was poured into a solution of HCl and HF. 
Then, the mixture was stirred for 5 hours at a temperature of 55ºC. 
Then, the sample was washed by distilled water in order to remove 
excess HCl and HF. After that, the sample was poured into a solu-
tion of H2O2 with the presence of two or three drops of H2SO4 and 

stirred for 2 hours at temperature of 55ºC. After the treatment 
process the sample was washed by using distilled water and dried 
overnight in an oven at temperature of 100ºC [31,32]. The treated 
sample was analyzed by using XRF. The proximate and ultimate 
analyses of the untreated and pre-treated coal samples were car-
ried out using ASTM D2974 method and are shown in Table 1. 

2.2. Sample preparation 

Silantek sub-bituminous coal, ferric chloride (FeCl3) and zinc 
chloride (ZnCl2) were used as carbon precursor, graphitizing agent 
and activating agent, respectively for the preparation of rGO from 
coal. Typically, 3g of pre-treated coal sample was mixed with 9g 
of ZnCl2 in a 50ml of 3M FeCl3 solution [29]. Then, the mixture 
was stirred at temperature of 80ºC for 2 hours to ensure uniform 
mixing before it was heated overnight at 100ºC in conventional 
ventilated oven. 

2.3. Preparation of reduced graphene oxide 

In a quartz reactor, the mixture of Silantek coal, FeCl3 and ZnCl2 
was placed inside the microwave heating system. Microwave heat-
ing process was carried out in a 2.45 GHz laboratory microwave at 
power levels of 600, 700, 800, 900 and 1000W at 10min of irra-
diation time and denoted as G600, G700, G800, G900 and G1000, 
respectively. After the microwave heating process completed, the 

sample was leached using 50% of HCl for 2 hours in order to re-
move excess FeCl3 and ZnCl2 within the sample followed by 
washing with distilled water to pH 6.5-7 and dried overnight in an 
oven at 100ºC [29]. 

2.4. Characterizations 

The elemental composition of materials present in untreated and 
pre-treated coal samples were analyzed using X-Ray Fluorescence 
(XRF). Surface functional groups of G600, G700, G800, G900 

and G1000 samples produced were measured using a Bruker 
Equinox 55 of Fourier transform infrared (FTIR) spectrometer. 
The crystal structure for the sample of rGO produced was carried 
out by XRD techniques using Rigaku D/Max-2500 diffractometer 
with Cu-Kα radiation. The powdered of G600, G700, G800, G900 
and G1000 samples were mounted directly onto a zero back-
ground holder and were scanned at a rate of 0.02º/2 s in the 2θ 
range of 5–80º [29]. Raman spectroscopy was used in order to 

determine the chemical bonds and symmetry of molecules of the 
product through vibration information, as well as to investigate the 
defect and carbon disordered within the rGO structure. Raman 
spectra for the sample were measured by using Raman Spectrome-
ter of Renishaw. The process was done by applying laser excita-
tion at 633nm with a high-resolution gradient from 150 to 
2500cm-1 [29]. After that, the resulting data was analyzed by using 
the Thermo Scientific Software. 

3. Result and discussions 

3.1. Treated and untreated coal analysis 

From Table 1 it shows that Silantek coal has a high composition 
of carbon and found suitable as a source of carbon to produce rGO. 
The percentages of carbon for both proximate and ultimate analy-
ses significantly increased from 67.30 to 73.60% and 73.35 to 
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78.84%, respectively after the (H2O2 + H2SO4) pre-treatment 
process. The increased in the percentages of carbon seems to cor-
relate with the ash constituent analysis on the untreated and treated 
samples using semi-quantitative XRF as shown in Table 2. 
 
Table 1: Proximate and Ultimate Analyses of Treated and Untreated Coal 

Analysis 

Coal Samples 

Untreated Treated  

(HCl + HF) 

Treated 

(H2O2+H2SO4) 

Proximate    

Fixed Carbon 67.30 72.18  73.60 

Volatile Matter 22.21 25.33 26.27 

Ash 10.49 2.49 0.13 

    

Ultimate    

Carbon 73.35 74.74 78.84 

Hydrogen 4.45 4.33 4.25 

Nitrogen 1.46 1.21 1.16 

Sulfur 0.16 0.00 0.01 

Oxygen (calculated 

by difference) 
20.58 19.72 15.74 

 
Table 2: XRF Analysis for the Sample of Treated and Untreated Coal 

Compound 

Coal Samples 

Untreated Treated  

(HCl + HF) 

Treated 

(H2O2+H2SO4) 

Fe2O3 50.2340 22.5380 0.1810 

SO3 12.2290 15.0630 0.3420 

SiO2 12.1570 7.3720 0.0127 

CaO 8.9080 3.8650 0.0578 

Al2O3 4.4310 1.4670 0.0171 

TiO2 4.0180 7.2720 0.2210 

K2O 2.9490 2.3730 Traces 

Ag2O 2.8610 3.3470 0.0412 

SrO 0.4770 0.2070 0.0053 

CuO 0.4050 0.1620 0.0025 

NO 0.2590 0.2560 0.0052 

Cl 0.1970 35.250 0.494 

ZnO 0.1560 0.0833 0.0005 

ZrO2 0.1540 0.1880 0.0026 

Others 0.5650 0.2543 0.0057 

Ag2O 2.8610 3.3470 0.0412 

 
In Table 2, XRF result shows that Fe2O3, SO3 and SiO2 were the 
major mineral constituents in the coal and were greatly reduced 
after the pre-treatment process especially by using (H2O2 + 
H2SO4).  Further, it shows that the presence of sulphuric acid in 

hydrogen peroxide solution enhances the removal of mineral con-
stituents from the coal samples. Apparently, the percentages of 
Fe2O3 and SO3 were significantly reduced from 50% to 0.18% 
and 12% to 0.34%, respectively. Moreover, the pre-treatment 
process by using peroxide did not lead to addition of significant 
amount of oxygen to the residual coal samples that would cause 
concern for dilution of the sulfur levels. These results seem to 
agree with the previous study reported by Samit et al. [31]. 

3.2. Reduced Graphene Oxide analysis 

All FTIR spectra of untreated and treated Silantek coal and after 
microwave irradiation heating process of G1000 are shown in 
Figure 1. FTIR analyses were conducted by depositing rGO sam-
ples onto germanium and measuring the transmission spectrum. 
From Figure 1(a) for the untreated sample it shows the presence of 
high amount of oxygen containing group which are mainly due to  
C=O, C–O and O–H at peak of 1580, 1050 and 2950cm-1, respec-

tively [25]. However, when the sample was treated with 
H2O2+H2SO4 (see Figure 1(b)), the peak at 1050cm-1 reduced its 
intensity with the appearance of broad absorption band at 1250cm-

1 which is due to the bending of =C–H that might be caused by the 
removal of some oxygen after pre-treatment process.  Further, 
there appears to be absorption peak at 1580cm-1 that was due to 
the skeletal vibrations of un-oxidized graphitic domains after mi-
crowave irradiation heating process. Apparently, the absorption 

peak at 2950cm-1 had disappeared with the emergence of new 
broad absorption band at 3200cm-1, which indicates the presence 
of O–H groups that is specific to the GO and rGO that is still re-
mains in the material [27]. GO is strongly hydrophilic and easily 
exfoliated in water to form stable colloidal dispersions because of 
the large amounts of hydroxyl (–OH), carboxyl (–C=O) OH), 
carbonyl (–C=O) and epoxide functional groups attached to the 
basal or edge plane [33]. It was found that the oxygen functional 

group in that material cannot be removed totally when the sample 
was converted into rGO. 
 

 
Fig. 1: FTIR spectra for (a) untreated coal, (b) (H2O2+H2SO4) treated coal 

and (c) microwave irradiation coal (G1000). 

 
XRD spectra were used to compare and obtain information about 

the crystallinity of untreated Silantek coal, G600, G700, G800, 
G900 and G1000.  Figure 2 shows that untreated Silantek coal 
exhibited a broad peak at 2θ = 24º and a sharp peak at 2θ = 26º. 
The amorphous broad peak at 2θ = 24º is due to the amorphous 
plane of Hematite (Fe2O3) which is the major ash constituents 
within the coal sample. The strong sharp peak that presence at 2θ 
= 26º is assigned to (002) plane similar to that of graphite plane, 
implying the high crystallinity of the coal sample [27]. 

The strong sharp peak presence at 2θ = 26º becomes weaker and 
broaden after the coal was treated with graphitizing agent and 
heating process due to the intercalation of functional groups into 
carbon of graphite-like structure, indicating the formation of rGO 
[25]. In XRD spectra of G600, G700, G800, G900 and G1000, it 
was found that the plane of (002) at 2θ = 24º becomes undetect-
able due to the removing of Hematite and other oxygen functional 
group, seems to be agreed with the result of FTIR. Further, a sharp 

peak at 2θ = 26º become broaden due to elongation of carbon 
chain within the material along with the increasing of microwave 
power level. This observation seems to agree with results of rGO 
produced from graphite and other coals [24, 25, 27, 30]. Table 3 
shows the basal plane distance for untreated coal sample and after 
microwave heating process. Basal plane distance calculated from 
(002) plane of the sample can indicate the ordering in graphite 
layers within its structure. The basal plane distance calculated 

from XRD diffractogram of Silantek coal is 0.886nm. The basal 
plane distance of the sample decrease from 0.485nm of G600 to 
0.337nm of G1000 after the microwave irradiation process due to 
the removal of oxide functional group within the material. Further, 

(a) 

(b) 

(c) 

1000 1500 2000 2500 4000 3500 3000 



76 International Journal of Engineering & Technology 

 
the basal plane distance for G900 and G1000 seems to be identical 
as rGO produced from graphite material [24]. 
 

 
Fig. 1: XRD spectra for raw Silantek coal and rGO produced from 

Silantek coal (G600, G700, G800, G900 and G1000). 

 

Table 3: Basal Plane Distance for the Sample of Coal and rGO (G600, 

G700, G800, G900 and G1000) 

Samples Basal Plane Distance (nm) 

Coal 0.886 

G600 0.485 

G700 0.367 

G800 0.341 

G900 0.337 

G1000 0.337 

 
Raman spectroscopy is used in order to distinguish the ordered 
and disordered of carbon structures of the sample. In general, for 
carbonaceous material the bands D and G are the most studied, 
while the 2D bands is important to differentiate between the GO 
material and graphene material. The D band mode, in the range of 

1200-1400cm-1 is associated with imperfections or defects in the 
sp2 carbon structure of the material such as disordering structure, 
reduction in crystal size, distortion in the network, and presence of 
heteroatoms). In contrast, the G band mode in the range of 1500-
1600cm-1, indicates the presence of sp2 carbon networks [10]. 
Figure 3 shows the Raman spectra for G600, G700, G800, G900 
and G1000 that were treated at different microwave irradiation 
power levels at 30 min of irradiation time.  Apparently, the Raman 

spectra shows that all the material produced were rGO due to the 
appearance of the D and G bands at the wavelength around 1300 
and 1600cm-1, respectively. All of rGO produced was not formed 
as highly graphitizing material due to the low ID/IG ratio as shown 
in Table 4 because they have lower G band than D band with ex-
ception to the rGO produced at 900 and 1000W power level. 

 
Fig. 1: XRD spectra for raw Silantek coal and rGO produced from 

Silantek coal (G600, G700, G800, G900 and G1000). 

 

Table 4: ID/IG Ratio for the Samples Coal and rGO (G600, G700, G800, 

G900 and G1000) 

Samples ID/IG Ratio 

Coal 0.88 

G600 1.89 

G700 2.58 

G800 2.73 

G900 1.31 

G1000 1.15 

 

The increasing in ID/IG value was due to the increasing of D band 
due to increasing of defects such as vacancies and disorder degree 
after heating process. The lower value of G band than D band was 
due to the residual remaining of oxygen functioning group into the 
carbon structure that was not completely removed, and these re-
sults are consistent with the results observed from FTIR analysis 
[25]. The higher value G band than the D band was observed for 
G900 and G1000, and this condition might have resulted from the 

removal of more stable oxygen functionalities. Hence, the 2D 
band of G1000 produced shows a higher broad peak than the oth-
ers with a nearly symmetrical shape centred at 2800cm-1 indicat-
ing that the rGO produced has higher degree of graphitization.  
Thus, all of the materials produced can be classified as rGO by the 
fact that the G band signatures showed a graphite structure and the 
D band indicates defects on the edges or surfaces of the rGO pro-
duced [25]. 

4. Conclusion  

Reduced graphene oxide (rGO) was successfully produced from 
Silantek sub-bituminous coal by using microwave irradiation heat-
ing system in the presence of graphitizing agent and activating 
agent. The rGO that was obtained at 900 and 1000W of micro-

wave power level has a high degree of graphitization in compari-
son to the others due the higher removal of oxygen functioning 
group and the decreasing of disordered carbon within the material. 
Further, rGO produced at 900 and 1000W microwave irradiation 
also has same crystallite size with rGO produced from other coal 
and graphite. However, it was found that rGO produced at 900W 
was the best product in term of production cost due to it lower 
power used compared to 1000W. This finding shows that rGO can 

be produced from coal with a single step process by using micro-
wave irradiation heating system and the resulting material has the 
same characteristic as rGO produced from graphite. 
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